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3      DESIGN OF THE PROPOSED RESEARCH 
 
The following research design has been developed in accordance with recognised 
theoretical frameworks and methodologies with supporting discussion and argument 
in order to substantiate proposed articulation from the current Masters by Research 
enrolment to the Doctor of Philosophy (PhD) program.  
 
Detailed review of contemporary academic text on research methods for the 
construction industry together with faculty recommended examples of previous PhD 
level research design approaches has been undertaken so as to ensure that a suitability 
high standard and depth of research design consideration has been undertaken prior to 
commencement of the research project. 
 
The ultimate goal of the research design process is to maintain coherence and 
complementarity between the problems, theories and previous findings as detailed in 
preceding Sections 3 and 4 so as to ensure that the results and conclusions are robust 
via an objective, reliable and valid study (Fellows & Liu, 2008). 
 
In commencing the research design process, the definition of research itself was 
sought as the first step, with the formal definition being given by the Concise Oxford 
Dictionary (1995) as “an endeavour to discover new or collate old facts etc. by the 
scientific study of a subject or by a course of critical investigation”.  
 
Another view provided by the Economic and Social Research Council (ESRC) 
defines research as “any form of disciplined inquiry that aims to contribute to a body 
of knowledge or theory” (ESRC, 2007). This latter definition highlights the fact that it 
is the design and structure of the proposed research that is equally important to the 
project rather than the outcome per se. 
 
 
 
The next important consideration in the research design process is the context in 
which the proposed research will take place ie the fact that the researcher’s interests, 
expertise and experience have contributed to the identification of the research 
problem and formulation of a hypothesis will impact on the proposed work and its 
results as will the very fact that research is being carried out (Popper, 1989).  
 
Accordingly, due consideration has been given to the environmental variables which 
may influence the research results through impact on recorded data together with     
subject variables – dependent, independent and intervening - associated with the topic 
of study so as to help guide the design of the research methodologies in order to 
isolate the dependent variables from the environmental or contextual variables as 
shown in the figure below (Baron & Kenny, 1986): 
 
     Environmental 
     (Contextual) variables 
     ie researcher experience 
     of public transport 
      |  
 
Independent variable ie  Intervening variable ie Dependent variable ie 
Number of units in S&CT -- Number of commuters  Number of seats  
complex    in S&CT complex  required for CEBUS 
 
Figure 1 Causality chain between variables 
 
 
 
 
 
 
 
Having considered the context in which the proposed research is to take place, the 
issue of objectivity that is “the degree to which different observers or judges are able 
to record the data in the same manner” has also influenced the research design 
process so as to ensure that the data is not substantially influenced by the subjectivity 
of the observer (Drenth, 1998).   
 
Review of historical antecedents to development of knowledge has also guided the 
research design process calling on Aristotle’s inductive-deductive method in which 
scientific explanation is defined as a transition from knowledge of a fact to 
knowledge of the reasons for the fact which has been applied to the proposed research 
project as shown in the figure below (Losee, 1993):  
 
 
    Induction ie CEBUS may be able 
    to contribute to affordable and  
    sustainable houusing 
 
Observations ie problem     Explanatory principles 
in developing affordable     ie photovoltaic effect for   
and sustainable housing     household and vehicle power 
  
    Deduction ie CEBUS can deliver 
    x $/kWh in common area power cost 
    and y $/km in commuter shuttle cost  
 
Figure 2 Aristotle’s inductive – deductive method applied to the proposed 
research 
 
 
 
 
Subsequent review of contemporary approaches to the development of knowledge 
and evaluating scientific hypotheses has suggested the following stages that need to 
be considered in the research design process (Hempel, 1965): 
 
1. Accumulating observation reports which state the results of observations or 
 experiments; 
 
2. Ascertaining whether these observations confirm, disconfirm or are neutral 
 towards the hypothesis; and 
 
3. Deciding whether to accept, reject or suspend judgement on the hypothesis in 
 light of this confirming or disconfirming evidence. 
 
Consideration of both historical and contemporary approaches to the development of 
knowledge and evaluating scientific knowledge supports a deductive approach to the 
research design whereby a logical progression from theory, method, data to findings 
is employed as opposed to an inductive approach which proceeds from data to theory 
ie method, data, findings to theory (Orton, 1997).  
 
A final consideration in the research design process is the current construction 
industry  paradigm that sustainable housing development cannot be achieved in 
parallel with affordable housing development hence the research design process must 
ensure independence from this prevailing theoretical framework so as to allow for 
original contribution to knowledge and a potential paradigm shift (Kuhn, 1996).  
 
 
 
 
 
 
 
Accordingly, the overall research design framework that will be used to ensure the 
proposed research robustness, as demanded by the preceding review and PhD 
standard, is summarised in the figure below (Bryman & Cramer, 1994): 
 
    
  Selection of respondents, subjects or cases(s) 
 
 
SSurvey design     Experimental design 
 
 
Conduct interviews/   Create experimental and control 
Administer questionnaires etc  groups, carry out observations 
 
 
    Collect data 
 
 
    Analyse data 
 
 
    Findings 
        
        Implementation 
         
    Recommendations     
 
 
        Further research 
Figure 3 The overall research design framework 
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3.1     Research Design Theory 
 
An overview of relevant and contemporary construction industry research design 
theory with regards to philosophy, methodology and theoretical models follows in 
order to support subsequent development of the specific proposed research theoretical 
framework. 
 
3.1.1 Philosophy 
 
The philosophical branch, stance and position of the proposed research have been 
considered in detail during the research design phase. The proposed research is 
considered to be taking place in the branch of philosophy known as epistemology 
which is concerned with the origins, nature, methods and limits of human knowledge 
as opposed to ontology which is concerned with conceptual reality and the question of 
existence (Remenyi et al, 1998). 
 
The proposed research is also considered to be taking a philosophical stance of 
positivism whereby it is assumed that the researcher is independent of and neither 
affects nor is affected by the subject of the research. Causality is assumed and it 
should therefore be possible to model the observed phenomena based on the 
deductive research approach as detailed in the previous section (Gill & Johnson, 
1991). This stance is in direct opposition to phenomenology which suggests that 
people cannot be understood outside of the context of their ongoing relationship with 
other people or separate from their interconnectedness with the world (Clarkson, 
1989). 
 
The proposed research is also considered to be taking the philosophical position of 
empiricism whereby the hypothesis can be evaluated or assessed by appeal to data, 
facts and experimentation as opposed to rationalism which assumes that truth is 
ascertained through the use of reason or rational thought (Reber,1995). 
 
3.1.2 Classification 
 
The classification of the proposed research falls into a number of categories including 
(Leary, 2004): 
 
- Exploratory: To investigate phenomena and identify variables ie an 
 initial pilot case study of CEBUS examples; 
  
- Explanatory: To explain causality ie field study using in-depth interviews and  
   survey questionnaire of S&CT stakeholders and residents 
 
- Predictive: To predict outcomes and to forecast events ie an 
experiment to predict CEBUS performance  
 
3.1.3 Literature review 
 
Contemporary literature review must be critical and demonstrate that the researcher 
has studied existing work in the field with insight and has drawn out key issues and 
arguments for alternative views in order to provide a summary of “state of the art” 
that informs and provides rationale for the proposed research (Haywood & Wragg, 
1982). Accordingly the literature review will seek current working examples of the 
CEBUS phenomenon and subsequently provide detail on the explanatory theoretical 
principles underlying the operation of these systems. 
 
 
 
 
 
 
  
 
3.1.4 Empirical methods  
 
The most common empirical methods employed in construction industry research in 
recent years are surveys, interviews, simulation and stochastic modelling, participant 
observation and laboratory experiments (Remenyi et al, 1998). Based on previous 
local research successfully conducted in the S&CT industry on managing major 
repairs in residential strata developments (Easthope et al, 2009) and decentralised 
water management in strata and community title schemes (Warnken et al, 2009), it is 
recommended that a mix of on-line surveys and stakeholder interviews be employed   
in order to inform development of the CEBUS conceptual framework. 
 
3.1.5 Data types 
 
Qualitative data is defined as that which is obtained through research involving the 
observation of participants (Oakley, 1994). The subsequent analysis of this data to 
develop theory can then be undertaken according to the grounded-theory method 
whereby  collection and classification of the data into categories that are suitable, 
meaningful and important continues until the categories are considered to be 
“saturated” ie collection of further data provides no additional information about the 
attributes of any category (Glaser & Strauss, 1967). It is assumed that qualitative data 
will be collected from the interview of key stakeholders in the S&CT industry with 
regards to their opinions on the likely uptake of CEBUS in residential apartments and 
potential barriers to implementation. 
 
The quantitative scientific method is typically used in construction research and 
involves making measurements in collecting data. The approach is built on previous 
work which has developed principles, laws and theories to help decide the data 
requirements of the research project (Fellows & Liu, 2008). It is assumed that 
quantitative data such as common area electricity cost in $/kWh will be collected 
from the on-line survey of  S&CT scheme residents  together with some element of 
quantitative data from the stakeholder interview phase. 
A triangulated study employs both these data types in order to enhance the study’s  
reliability and validity using either “between” methodology to enhance external 
validity or “within” methodology to enhance internal validity (Jick, 1979).  
 
3.1.6 Case Study, Modelling and Simulation 
 
Case study approaches facilitate in-depth investigation of particular phenomenon and 
are particularly valuable in situations where existing knowledge is limited and where 
the case study is a description of a situation is sensitive to the context in which the 
research occurs (Harris & Ogbonna, 2002).  
 
Given the limited number of examples of integrated building utilities and transport 
energy systems or CEBUS as identified in Section 4, it is proposed that a detailed 
case study of each be undertaken in order to gain more in-depth knowledge pertaining 
to existing theoretical insights (Runkel & McGrath, 1972).  
 
It is important that the unit (s) of analysis in the case study be clear and that the case 
study design focuses on empirical testing (Pettigrew, 1997). In the case of CEBUS, 
the key units of analysis are km in commuter travel offset via renewable energy 
sources, the effective cost per km for this travel, the kWh of energy for building 
power offset via renewable energy and the effective cost per kWh for this energy. 
 
A model can be classified as a static representation of an object such as an architect’s 
model of a building or the symbolic assertions of situations (Rosenblueth & Weiner, 
1945) with parameters or variables that must be identified and quantified together 
with their inter-relationships. These models can be deterministic ie what happened in 
the past will be replicated in the future or stochastic ie the laws of probability which 
governed past realisations will continue to apply in the future (Mihram, 1972). 
 
 
Simulation involves the use of a model to represent the essential characteristics of a 
reality, either a system or a process, with an element of dynamism given that it 
models a process rather than a static object (Morgan, 1984). Simulation can be used 
for a variety of purposes including examination of the performance of alternative 
techniques and can be an extremely powerful way of understanding and modelling a 
system (Mitchell, 1969). 
 
It is for this reason that a dynamic simulation model will be developed to help 
simulate the performance of various CEBUS design options or techniques ie solar 
photovoltaic, biogas and hydrogen within S&CT developments to assess the potential 
impact of each type of system on cost per km of commuter transport and cost per 
kWh for building energy. 
 
3.1.7 Data Collection 
 
Data requirements have been reviewed in the initial design of the proposed research 
commencing with consideration of the project as an information system with initial 
identification of key system outputs such as cost per km for commuter transport so as 
to enable determination of required data inputs such as roof area of a S&CT 
development, available sunlight hours, solar power system size and cost together with 
electric vehicle cost and conversion efficiency from kWh in energy to km 
(Newcombe et al, 1990).  
 
Data collection methods have also been considered with categorisation as either one-
way or linear methods such as postal questionnaires or on-line survey in order to 
assist with transfer of data or two-way or non-linear methods such as semi-structured 
interviews in order to assist with transfer of meaning (Rogers & Kincaid, 1981). 
 
 
 
 
The issue of bias in the sampling method has been reviewed with particular 
consideration for the concept of the population which defines the set of entities from 
which the research sample is drawn, controls extraneous variation and helps to define 
limits for generalising the findings.  In the case of the proposed research, the 
population is considered to be all S&CT apartments in South East Queensland with a 
sufficiently large population that random sampling ie using table or computer 
program to allocate a unique number to each member of the population can be used 
without introducing bias as opposed to non-random sampling whereby the judgement 
of the researcher is used to select population members for survey (Eisenhardt, 1989). 
 
The essence of the proposed on-line survey is that it produces information about an 
entire population using a sample size which is sufficient to yield enough reliable data 
for inferences to be drawn about the population at a required and specified level of 
confidence (Fellows & Liu, 2008). Detailed consideration has therefore been given to 
the required sample size for the proposed on-line survey of S&CT community 
residents in South East Queensland using the formula developed by Cochran (1997) 
for continuous data together with the fact that there are approximately 23,000 S&CT 
developments in South East Queensland (CTIQ, 2009) of which at least 80% are in 
the medium density category (Newton & Tucker, 2009), in order to arrive at a sample 
size of at least 1400 sites and achieve a 3% level of error for the mean of the data 
being estimated. 
 
 
 
 
 
 
 
 
 
The questionnaires that will be used for the survey component of the proposed 
research will contain a mixture of open questions and closed questions. Open 
questions are designed to enable the respondent to answer in full with whatever 
content they wish ie these questions would be seeking quantitative data regarding the 
respondent’s utilities consumption in kWh and personal vehicle utilisation data in km. 
Closed questions have a set number of responses ie these questions would be seeking 
qualitative data regarding the respondent’s opinion on rising utilities and transport 
costs together with their opinion on the likelihood of  utilising an integrated building 
utilities and transport energy system or CEBUS if it was offered within their 
community (Fellows & Liu, 2008). 
 
Scaling of qualitative data from respondents in response to closed questions in the 
survey questionnaire has also been considered and will use the Likert scale which is 
concerned with determining respondents’ degrees of agreement or disagreement with 
a statement on, usually, a 5 or 7 point scale (Bell, 1993).  
 
The stakeholder interview process is designed to represent the respondent’s view 
fairly and to portray it as consistent with his or her meanings (Charmaz, 1995). 
Further it has been suggested that a theoretically informed interview pro-forma is an 
important mechanism to build structure into the data collection process (Pettigrew, 
1997). It is for this reason that the S&CT industry stakeholder interview component 
of the proposed research will be conducted after the completion of the on-line survey 
of residents.  
 
 
 
 
 
 
 
 
The focus group method is an established rigorous technique for collective interviews 
aimed at eliciting and exploring in-depth opinions, judgements and evaluations 
expressed by professionals, experts or users/clients about specific topics in a group 
situation so as to save time and labour on the part of the researcher (Morgan, 1997). 
In the interest of time efficiency, it is proposed that the focus group method be 
utilised for the proposed interview of S&CT industry stakeholders at a convenient 
location such as the offices of the Community Titles Institute of Queensland (CTIQ) 
in the Brisbane CBD and/or at the annual CTIQ conference. 
 
Difficulties in obtaining data have also been considered given that people who are 
being targeted as respondents often receive many requests for data and may be unable 
or unwilling to provide data due to time constraints (Fellows & Liu, 2008). It is for 
this reason that the following successful strategies from previous research in the 
S&CT industry will be adopted: 
 
 Background on the proposed research will be published in various body 
corporate management magazines together with an easy to access on-line 
survey for residents that will include a potential reward such as department 
store gift vouchers for respondents (Easthope et al, 2009); 
 
 Focus groups for S&CT industry stakeholders will ideally be conducted in 
conjunction with the annual S&CT industry conference so as to facilitate ease 
of access to key industry participants in one place at one time (Warnken et al, 
2009); 
 
  Any data gaps will be filled via search of relevant S&CT management 
company records together with site interview of resident managers where 
required. 
 
 
 
3.1.8 Data analysis 
 
In considering the data analysis stage of the research the following methodology has 
been suggested (Geddes, 1968): 
 
 Survey  
 Analyse 
 Plan 
 
A number of descriptive methods will need to be considered initially whereby a 
diagram or graph is used to help indicate the nature of the distribution of the data and 
the relationships between them. These methods may include frequency distribution 
tables, bar diagrams, frequency polygon and ogives all of which are purely 
descriptive and do not constitute analysis in themselves (Fellows & Liu, 2008). 
 
 Subsequent use of various statistical methods will need to be considered in order to 
provide appropriate and rigorous analysis as necessary to assist in the determination 
of meaning from the data. For example, the rank-sum test could be used to determine 
whether independent samples have been drawn from the same population ie the 
sampling of energy density (MJ/m2) data from two sites could be tested to ensure that 
one is not from a mixed use commercial and residential S&CT development as 
opposed to a pure residential development.  
 
Another example would be the chi-square test that could be used to compare the 
observed and expected frequencies of a variable which has three or more categories in 
order to test whether more than two population proportions can be considered to be 
equal ie the sampling of percentage of commuters from the proposed S&CT sites 
could be compared with the same percentage from the total Australian population as 
detailed in various public transport surveys as the basis of a “reality check”. 
 
 
In order to confirm that the mean of the sample is similar to the mean of the 
population the t-test can be used ie the mean number of lots in the S&CT 
communities surveyed can be compared with the mean number of lots in all S&CT 
sites in South East Queensland as determined from CTIQ records so as to once again 
test the validity of the survey sample. 
 
Once these sample verification checks have been completed, regression and 
correlation techniques can be considered using pairs of independent and dependent 
variables in order to establish a possible relationship between the variables but not 
causality ie a straight line y = a + bx equation may describe the relationship between 
the number of lots in a S&CT community (independent variable) and the energy 
density (MJ/m2) but there may be other factors such as weather patterns etc that may 
have greater causal link to energy usage than the number of lots themselves. 
 
 
3.1.9 Research design theory summary 
 
The proposed research is based on a combination of proven methods including on-
line survey, case studies, stakeholder consultation and computer simulation with 
robust data analysis using descriptive and statistical methods. It uses a multi-
disciplinary approach to develop and calibrate a dynamic simulation model that can 
inform the sustainable housing design process and test various integrated building 
utilities and transport energy system or CEBUS design options for new S&CT 
developments. This system can also be applied to existing S&CT communities for 
consideration of retrofit of CEBUS to help improve housing affordability and 
sustainability. 
 
 
 
 
 
 3.2   Methodology and Research Plan 
   
       Based on review of the research design theory as detailed in preceding Section 3.1,  
       the following methodology and research plan is proposed together with supporting  
       reference to the relevant research design theory: 
   
3.2.1 Stage 1: Literature Review 
 
The first stage of the research will involve a literature review of four main topics in 
order to provide a summary of current “state of the art” in terms of integrated 
building and transport power systems or CEBUS as recommended by research design 
theory as discussed in Section 3.1.3.  
 
The first topic is building-integrated renewable power systems which is covered by 
writings from the disciplines of architecture, engineering and environmental science. 
The review will introduce the key concepts and nomenclature associated with this 
topic together with the key parameters related to the design of such systems for 
specific building envelopes.  
 
The second topic that will be reviewed is renewable energy systems for transport 
which will draw on the disciplines of automotive engineering and urban planning in 
order to provide an understanding of the current developments in vehicle technology 
using renewable energy and how these developments have paralleled those in the 
built environment.  
 
The third topic to be reviewed is factors that have contributed to the successful 
uptake of community vehicle sharing schemes drawing on social science and the 
transport planning discipline so as to help inform the later S&CT resident survey and 
key stakeholder focus groups phases of the research. 
 
The fourth and final topic that will be reviewed will be the regulatory framework and 
governance of integrated building utilities and transport energy systems operating in 
the S&CT scheme environment taking into consideration any state and/or local 
government regulations that may potentially impede the uptake of CEBUS within 
existing and proposed S&CT developments. 
 
The literature review will cover key elements including: 
 
- Possible methods of integrated building utilities and transport energy systems ie 
photovoltaic, biogas, hydrogen 
- Existing knowledge of the ecological, social and economic benefits of CEBUS 
- Integrated building utilities and transport energy systems projects worldwide and 
commercially available technologies to support these systems  
- Critical success factors for community vehicle sharing schemes 
- Regulatory framework and governance for operation of CEBUS 
 
3.2.2 Stage 2: Development of pilot CEBUS Dynamic Simulation Model 
 
Using the information provided by the literature review in Stage 1, this next stage will 
focus on the development of a dynamic simulation model that will be able to evaluate 
the economic and ecological performance of a proposed integrated building utilities 
and transport energy system for a specific S&CT building envelope. The aim is to 
create a dynamic simulation model that takes the key inputs of the CEBUS design ie 
roof area in m2 and provides comprehensive outputs to predict its performance prior 
to actual construction ie cost per km for commuter travel. The dynamic simulation 
model will be developed in two parallel paths, using case study methodology at the 
same time as using quantitative computer based simulation. 
 
 
 
Stage 2a: Case Studies of Existing Integrated Building Utilities and Transport 
Energy Systems or CEBUS 
 
Given the proven benefits of the case study method as a source of insights and ideas 
in areas where knowledge is limited as detailed in research design theory Section 
3.1.6, it is proposed that this method be utilised to review each of the existing CEBUS 
examples identified in Section 2.1 so as to gain a better understanding of the 
relationship between renewable energy inputs and the building utilities outputs in 
terms of kWh of electricity and/or MJ of heating energy together with commuter 
transport outputs in terms of private vehicle km’s offset and resultant cost per km for 
commuter travel and cost per kWh for electricity generation or cost per litre for hot 
water generation. 
 
Additional details on the social benefits of these existing integrated building utilities 
and transport energy system examples will be obtained via the case study method 
together with background on any regulatory issues that had to be dealt with in order 
to implement the system. It is proposed that the majority of the case study data will be 
obtained from publically available fact sheets on each site together with direct e-mail 
dialogue with academic researchers, commercial operators and regulators associated 
with each site.  
 
Stage 2b: Computer Based Analysis to develop preliminary CEBUS Dynamic 
Simulation Model 
 
Given the proven benefits of simulation in examining the performance of alternative 
techniques as detailed in research design theory Section 3.1.6, this stage of the 
research is aimed at utilising computer based analysis to determine the outcomes of 
various CEBUS design options in order to help quantify the ecological, social and 
economic benefits from the system for specific site physics and utilities and private 
transport usage demographics by matching available renewable energy resources with 
forecast commuter transport demand. 
It is anticipated that existing engineering simulation software will be available to 
assist with testing of various integrated building utilities and transport energy systems 
renewable energy and transport power design options using the case study data 
provided by Stage 2a ie solar power system and electric vehicle battery charging 
sizing, however, it is expected that some additional spreadsheet modelling will be 
required in order to integrate the results from each of the existing engineering 
software tools in order to derive resultant outcomes in terms of cost per km for 
commuter travel and cost per kWh for electricity generation or cost per litre for hot 
water generation. 
 
It is assumed that the following key data input factors will need to be assessed during 
the development of Stage 2b based on refinement of the data gathered in Stage 2a: 
 
- m2 of roof area available for photovoltaic power systems 
- annual local sunlight hours available for solar power generation 
- m3 of effluent available for biogas power systems 
- litres of rainwater available for hydrogen electrolysis 
- kWh of electricity used for common area light and power 
- current MJ of gas used for central water heating system 
- km per annum of private vehicle transport by commuters to local public transport 
- current cost per kWh for common area power 
- current cost per km for commuter travel 
- current cost per litre for hot water 
 
According to the available knowledge from the preliminary literature review in Stage 
1 of the research project it would appear that renewable energy conversion factors 
and private vehicle transport car pooling can be simulated using existing engineering 
software, however, specific spreadsheet modelling will need to be utilised in order to 
provide analysis of renewable energy vehicle conversion factors for various passenger 
capacity bands using vehicle manufacturers technical data sheets. 
 
Stage 2c: Compilation of pilot CEBUS Dynamic Simulation Model   
 
Using the findings from the case studies and the computer based analysis in Stages 2a 
and  2b, a set of key performance criteria will be developed for application of 
CEBUS in S&CT communities in South East Queensland. The key performance 
criteria are expected to include annual renewable energy generation capacity in kWh, 
optimal seating capacity for the renewable energy powered vehicle, personal transport 
kilometres per annum likely to be offset by integrated building utilities and transport 
energy systems implementation, current cost of common area utilities to be displaced 
by the CEBUS and the likely cost per kilometre for operation of the integrated 
building utilities and transport energy system. 
 
These key performance criteria will then be combined with the computer based 
analysis spreadsheet based on empirical and predictive research design theory in 
Sections 3.1.1 and 3.1.2 in order to form the pilot CEBUS Dynamic Simulation 
Model and associated conceptual framework that can then be used to quantify and test 
various CEBUS design options in the South East Queensland context using data to be 
provided by the S&CT community resident survey phase of the project. The resultant 
optimum design option (s) can then be calibrated against an independently designed 
and engineer certified pilot integrated building utilities and transport energy system in 
subsequent stages of the proposed research. 
 
 
 
 
 
 
 
 
 
 
3.2.3 Stage 3: Survey of S&CT Community Residents  
 
Given the proven time and cost-effectiveness of the on-line survey method as detailed 
in research design theory Section 3.1.4 combined with support from body corporate 
manager magazine articles on the importance of the research, it is proposed that a 
detailed questionnaire be circulated to residents within as many of the estimated 
23,000 medium density S&CT complexes in South East Queensland as possible with 
a retail department store gift voucher incentive so as to obtain responses from at least 
1400 sites in order to ensure the required level of statistical validity as detailed in 
research design theory Section 3.1.7. 
 
Key data requirements will include utilities usage and unit cost of common areas ie 
kWh of electricity for light and power and MJ of gas for central water heating 
together with information on personal vehicle km’s travelled per annum in order to 
connect with key public transport nodes.  
 
Other critical data on roof area, WC pedestals waste discharge factors, rainwater tank 
capacity and common area electricity and/or gas usage where not known by residents 
can be obtained from the relevant body corporate manager associated with each 
responding site which in turn can be readily obtained from Queensland Department of 
Natural Resources records and/or site meetings with each resident manager where 
available.  
 
Data on available sunlight hours for solar power generation will also be obtained 
from the nearest local Australian Bureau of Meteorology weather station to each 
responding site. 
 
 
 
 
 
3.2.4 Stage 4: S&CT Industry Stakeholder Interviews 
 
Development and operation of integrated building utilities and transport energy 
systems or CEBUS in the S&CT context involves many different stakeholders. Their 
experiences, views and opinions about existing CEBUS schemes or alternative power 
and transport sharing schemes operating under current regulatory frameworks are 
critical for highlighting the opportunities and potential challenges of integrated 
building utilities and transport energy systems implementation within the S&CT 
industry context. 
 
Stakeholder theory in Section 3.1.7 has previously been used to develop the following 
detailed diagram of key stakeholder groups, their actions and interactions related to 
distributed water treatment system operation and management in the S&CT 
community context over the life cycle of the system: 
 
Figure 4  S&CT Industry Stakeholders 
 
In the case of CEBUS, renewable energy and vehicle technology providers can be 
considered in place of water treatment technology providers and electricity, gas and 
transport authorities can be considered in place of water authorities. 
Based on review of the key stakeholders related to operation of integrated building 
utilities and transport energy systems in the S&CT context as shown in Figure 4, the 
following groups are proposed for focus groups and/or depth interviews in Stage 4 of 
the research: 
 
- Developers 
- Local Government Authorities (LGA’s) 
- Regulators 
- S&CT Managers 
- Resident Unit Managers (RUM’s) 
- Unit Owners and Occupiers 
- Technology providers (Renewable Energy and Vehicles) 
- Financiers 
 
Based on the successful use of focus groups in previous S&CT industry research as 
detailed in Section 3.1.4, it is proposed that a S&CT managers focus group be held at 
the first available national S&CT conference after the completion of Stage 3. 
Additional focus group workshops will be held in Brisbane by assigning at least three 
(3) participants for each of the remaining stakeholder categories above. 
 
It is anticipated that individual depth-interviews will be scheduled in Brisbane in 
order to complete stakeholder surveys of the required number of participants for each 
category. The focus groups and any depth-interviews will involve a set of generic 
questions common to all stakeholder groups together with a range of stakeholder 
group specific questions. 
 
It is assumed that stakeholder contact details will be obtained through the relevant 
industry associations and that initial contact will be made via email in order to outline 
the purpose of the study, types of questions to be asked and to provide QUT ethics in 
research details. At this point in the research it is also proposed to share key 
stakeholder details with the other SUD research project as detailed in Section 4. 
3.2.5 Stage 5: Calibration of pilot CEBUS Dynamic Simulation Model  
 
The fifth stage of the proposed research will involve the cooperation of several 
industry partners from the fields of consulting engineering, S&CT management 
and/or property development. In order to locate these partners, major consulting 
engineers, S&CT managers and property developers will be approached with a 
detailed offer outlining the timeline and specific outcomes of the proposed pilot 
integrated building utilities and transport energy systems project. Local engineering 
firms such as VDM Consulting together with property developers such as Lend Lease 
and S&CT Managers such as Hartley’s Body Corporate have already offered their 
assistance for the calibration of the optimum design (s) using the CEBUS Dynamic 
Simulation Model and associated conceptual framework from Stage 2c together with 
resident survey data obtained from Stage 4 through application to a new or existing 
S&CT development. 
 
As the first step in this stage, a detailed design brief will be proposed in order to 
summarise the body of knowledge pertaining to the ecological, social and economic 
benefits of integrated building utilities and transport energy systems together with 
assumptions on how the system will be applied to new or existing S&CT 
developments. The consulting engineers will then develop a CPEng certified CEBUS 
design suitable for application to new or existing S&CT developments in the South 
East Queensland environment.  
 
Once independently designed and certified by professional engineers, the pilot 
integrated building utilities and transport energy system design will be utilised to 
verify the predicted outcomes as generated by the CEBUS Dynamic Simulation 
Model so that designs for existing and new S&CT schemes can be developed with 
confidence without the need to revert to costly first principles design in every new 
instance of S&CT scheme development or refurbishment. 
 
3.2.6 Stage 6: Data analysis, development of final CEBUS Dynamic 
Simulation Model and dissemination of findings to industry 
 
Stage 6 of the research will involve detailed analysis of the findings of the previous 
stages using research design theory from Section 3.1.8 together with development of 
the final version of the CEBUS Dynamic Simulation Model and dissemination of 
findings to industry. The analysis will consider the applicability and functionality of 
the dynamic simulation model and associated conceptual framework taking into 
account the views of residents and key stakeholders from the previous stages together 
with the results of the calibration process. The key outcome of this stage is a final 
version of the CEBUS Dynamic Simulation Model that can be used with confidence 
by managers and residents of existing S&CT developments together with developers 
and designers of future S&CT communities. 
 
By utilising statistical methods as detailed in research design theory Section 3.1.8, it 
is anticipated that mean data will be derived from the representative sample of the 
23,000 medium density S&CT communities in South East Queensland for the 
following key dynamic simulation model input variables: 
 
- Roof area for renewable energy generation 
- Volume of effluent discharge for biogas generation 
- Volume of rainwater collection for hydrogen electrolysis  
- Common area electricity usage and unit cost 
- Central hot water generation volume and unit cost 
- Number of public transport commuters 
- Commuter transport km and unit cost  
 
 
 
 
The final analysis stage will also reflect the current understanding of the research 
question and highlight the remaining knowledge gaps where future research work in 
the field of CEBUS should be directed. The validity of the dynamic simulation model 
together with its usefulness for designers and managers of S&CT developments will 
also be considered in this final stage of the research, together with the relevance of 
the overall research with regards to the adoption of integrated building utilities and 
transport energy systems within S&CT developments. 
 
The resultant overall methodology and research plan that has been developed in 
accordance with recognised theoretical frameworks and methodologies together with 
supporting discussion and argument as detailed in preceding sections is summarised 
in the concept diagram below: 
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It is anticipated that the outcome of the proposed research, in terms of the dynamic simulation model 
and greater knowledge of the potential benefits of CEBUS in the South East Queensland S&CT 
community context through incorporation of the mean data collected with the final dynamic simulation 
model in order to quantify typical economic and environmental benefits, will provide for improved 
outcomes in the development of affordable and sustainable housing for the key service occupations as 
detailed in Section 2.1 by delivering sufficient equivalent first capital cost savings through reduced 
personal transport and household utilities costs as required to bridge the remaining gap between current 
median house pricing and affordable housing price targets for each income band. 
 
These findings will be disseminated to the construction industry via a journal paper in a faculty 
recommended “A” rated publication together with presentations at relevant local and international 
conferences. 
 
